It has been recognized for some time that nutrient intakes show large day-to-day variations within the same individual in industrialized countries. However, little attention has been given to the quantification of within-and between-person components of the variation in developing countries. Within-person variability determines the number of measurements of dietary intake per person that will be needed to adequately represent the dietary intake of an individual over a period of time. A large within-person variation relative to the variation between persons in the intake of a nutrient decreases the strength of the observed association of the latter with an outcome of interest.
Introduction
The implications of variations within the individual for physiological measurements have been extensively described and analysed for diet, blood pressure, and blood lipids [1] [2] [3] [4] [5] [6] [7] [8] [9] . It has been recognized for some time that dietary intake varies greatly from day to day in the same individual [10] [11] [12] . Some relatively recent studies have quantified components of variation for dietary intake, but these have been limited to industralized countries [13] [14] [15] [16] [17] .
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All of them show that estimation of a person's true dietary intake over a period of time requires repeated measurements. A practical consequence of this is that isolated measurements are poor estimators of long-term dietary intake. The error that results from taking isolated measurements cannot be diminished by increasing sample size but only by increasing the number of measurements for each individual [15] .
Little attention has been given to the quantification of within-and between-person components of the variation in developing countries. There are several reasons why it is important. First, if within-person variability is small, a few careful measurements per individual will suffice to represent true dietary intake over a period of time; but, if it is large, repeated measurements across time will be required in order to estimate intake with the same level of accuracy. Therefore, knowledge of the withinperson component of variation will allow the choice of appropriate study designs and strategies for measuring dietary intake, as well as for evaluating the meaning of dietary information already collected. Second, the quantification of the contribution of other factors (e.g. seasonality) to the variation is important to determine the need for repeated measurements across seasons. Third, the effect of large variation within persons on the measurement of the association between dietary intake and an outcome measure is to decrease the strength of the association [9; 18] , and, since epidemiological studies in developing countries often estimate dietary intake using a single 24-hour recall questionnaire, it is important to test the implicit assumption they make that the variation within persons is low.
Finally, dietary intake in rural areas of developing countries is both qualitatively and quantitatively different from that in industrialized countries. It could be expected that within-person variation in diet might have a culturally specific value [15] . Surveys have shown that more than 80% of calorie and protein in take in rural Bangladesh is provided by cereals [19] . Rice is the main staple, although wheat and millet may be important for poor families during periods of food scarcity. Although the diet includes a limited number of food items, the daily variation of nutrient intake in each individual over a period of time may not be small.
Several factors may affect the variability of withinperson nutrient intake. Seasonal changes are potentially important in developing countries [20] , including rural areas of Bangladesh [19; 21-24] . The Matlab area in southern Bangladesh has three seasons-monsoon (June-October), cool winter (November-February), and the hot, dry season (March-May)-each accompanied by specific cropping practices [24] . In industrialized countries, although there are seasonal components to the consumption of some micronutrients, seasonality plays a minor role in the variation of total energy intake [25; 26] and probably of most specific nutrients. Within-person variability that is not explained by any other factor may also be an important component of the total variation.
One difficulty in assessing the components of variation is the usual lack of repeated measurements of diet for the same individuals. The present study examines repeated measurements of dietary intake for more than 800 persons over one year. The number of individuals studied makes it possible to analyse for specific age groups with a level of detail that has not been previously available.
The aims of this study were to estimate within-and between-person components of the variation of total energy and protein intake in a rural population of Bangladesh, to test the importance of seasonality for diet, and to derive conclusions about study design and the interpretation of dietary data.
Methods

The data
Source: The Matlab study
The data for the present analysis come from a field study conducted between June 1977 and August 1978 in Matlab Thana, the experimental field station of the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B), the aim of which was to elucidate determinants and consequences of physical growth of children under five years of age.
The 135 households that were included were nonrandomly selected from four villages to reflect a wide range of socio-economic status in the study population. In total, 954 subjects were included: 207 children and 747 other household members (table 1). The study included 44 families owning less than 0.5 acres of land, 51 owning between 0.5 and 2.0 acres, and 40 owning more than 2.0 acres. 
Data collection
One 24-hour dietary-intake measurement was obtained for all persons in each household every two months, with a total of six measurements for each person. The survey team consisted of two female dietary workers with high school education, three female field assistants, and one male helper. On each visit day, the selected house was visited by one dietary worker and one field worker. Food intake was measured by 24-hour weighing of food, both before and after cooking, in addition to volumetric measurement. All large cooking vessels and serving utensils in the households were measured at the beginning of the study using standard chemistry laboratory Teflon volumetric cylinders (2 litres, 1 litre, 500 ml, 250 ml, 50 ml), and the volumes were recorded. On the day of the home visit, the workers arrived before the first meal was prepared. After standardizing and calibrating their scales (Salter, 5-kg range, discrimination 2 g), they weighed the leftover food from the previous day. All foods to be consumed were weighed and measured before and after cooking.
Individual consumption was estimated by recording the number of portions of each food item served to each family member. A homogeneous mixture of dry ingredients in the cooked food was assumed to estimate actual consumption. Individual plate waste and leftovers were measured. Meals consumed outside the household and snacks were assessed by recall conducted twice daily. Then total 24-hour consumption was estimated.
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The sum of individual intakes was recorded as the household intake level. The intake of macronutrients was computed using standard food conversion tables from India [27] .
Description of the data
Six 24-hour measurements of total energy and protein intake for each of 954 subjects were available for analysis. One hundred twenty breast-feeding children were excluded from the analysis because of lack of information on breast-milk consumption. This reduced the study population to 834 subjects. Approximately 10% of the dietary measurements were missing at each visit; all those available were included in the analysis, however.
Information on protein intake was classified for total protein, protein of cereal origin, and protein of noncereal origin, mostly animal protein. The subjects were classified by sex and four age groups: (0-4, 5-14,15-44, and 45 years and over). The mean intake for each age and sex group at each of the six measurements is presented in table 2. The figures are higher than those estimated by previous surveys in other areas of Bangladesh [19] .
Methods of analysis
The goals of the analysis were to quantify different components of the variation of protein and total energy intake, specifically, the within-and between-person components, as well as seasonality. Each bimonthly dietary measurement was regarded as an estimate of the individual's true intake during the year, subject to random variation due to within-person variation, with additional allowance for seasonal effects in some models.
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Variance ratios were estimated by / Upper and lower 95%-confidence limits on the variance ratios were approximated using where I represents the number of subjects, n the average number of repeated observations on each subject, and α is 0.05 [28; 29] . Although the confidence intervals on variance ratios will have to be interpreted with caution given the underlying non-normal data, they are used to stress that variance ratios do not overlap with 1.
The presence of seasonality was analysed by including a sinusoidal function as the fixed effect (factor X ij ) in the model equation where k is an integer number that identifies the week of the year in which visit j was made. Its value ranges from 1 to 52, starting with 1 at the beginning of the study. The cyclical model was suggested by the pattern in the data in table 2 on both total energy and protein intake, and by the physical plausibility of consumption habits that parallel the cyclical behaviour of the weather and harvest. Y ij = u + subject i + α sin(2π k/52) + β cos(2π k /52) + ε ij
The ANOVA model assumes that measurements across time have a constant correlation between pairs of visits. The correlations between total energy or protein intakes on consecutive measurements or measurements taken farther apart do not differ appreciably, suggesting that our model is reasonable. The range of correlation coefficients was .52 to .61 for total energy intake, .32 to .53 for total protein, .39 to .53 for cereal protein, and .07 to .33 for protein of non-cereal origin.
Total protein and protein of cereal origin are highly correlated with total energy (calorie) intake for both sexes and all age groups on each measurement day. Correlation coefficients range between .74 and .88 for total protein and between .80 and .91 for protein of cereal origin. Proteins of non-cereal origin show a moderate but consistent correlation with total energy intake, a range of .28 to .55. Therefore, to gain information on the variability of protein intake beyond what we learn about total energy intake, protein has to be adjusted by the total energy consumed on the day of the visit. The analyses that follow were done using protein adjusted through linear regression for total energy intake on the visit day. The residuals of the linear regression were included as dependent variables in the mixed ANOVA model described above. For comparison, alternative analyses with unadjusted proteins were also conducted.
The data set was analysed using SAS statistical procedures [30] . The analysis of the within-and betweenperson components of variation in diet was done using the SAS VARCOMP and GLM procedures. Analyses were conducted for the entire population and also within each stratum of age and sex. Results reported are only for the age-and sex-specific analyses.
Results
In total, 4,431 24-hour dietary measurements were available for analysis. Table 3 shows intra-class correlation coefficients, coefficients of variation, and ratios of within-to between-person variation for total energy and protein intake, with protein intake adjusted as indicated above.
The within-person component of variation is, in all cases, greater than between-person variation. Intra-class correlation coefficients for protein intake on different days are between 0 and .14, except for men over 45 years of age.
Ratios for total energy intake range between 2.2 and 5.8 and are smaller than those shown for proteins. Intraclass correlation coefficients for total energy are also higher than for proteins.
Protein intake is relatively less consistent overall within persons than between persons compared with total energy intake. Ratios for total proteins range between 5.4 for men over 45 years of age and 215.8 for boys under 5. These ratios are due to large variability within persons and comparatively small variation between persons. Children 0-4 years old had particularly large within-and between-person coefficients of variation.
Variance ratios for cereal proteins range from 4.0 for men over 45 years old to 23.9 for boys under 5, and 93.2 for women over 45. The degree of consistency is high between individuals, with all CV b 's being smaller than 10%, and 2 to 10 times smaller than CV w . Nevertheless, CV w for cereal proteins is smaller than CV w for total or non-cereal protein intakes, and smaller than that for total energy intake.
Proteins of non-cereal origin show in all cases the largest variance ratios, largest CV w , and smallest intra-6 Variability of total energy and protein intake in rural Bangladesh class correlation coefficient. Their coefficients of variation between persons are also consistently the largest, with the exception of that for women over 45 years of age.
There are some sex differences of interest. Females have larger variance ratios in all cases than males of the same age, with the exception of children under 5 years old. This can be explained by the fact that females generally have larger CV w values than males, which more than offset generally lower values of CV b Males under 5 and females over 45 show the largest ratios, whereas males over 45 have the smallest. Age trends are not apparent.
Seasonal trends in the data were statistically significant for total energy intake (p<.0001), although they were not for total energy-adjusted protein. Nevertheless, adjustment by seasonality did not appreciably modify the estimates of within-or between-person variability. Values of ratios adjusted for seasonal changes were almost identical to those presented in table 3. Thus, adjustment for seasonal changes in diet do not alter the relative distribution of within-and between-person components of the variation.
In an alternative analysis, with results not shown, we considered variance ratios for protein intake that were not adjusted for total energy intake. These ratios for unadjusted protein intake are smaller and more similar within and across different age subgroups. This greater homogeneity can be partially understood to be a result of the large correlation be tween total energy intake and the amount of protein eaten; total amounts of food items may vary less from day to day than their relative concentration in the diet. 
Discussion
Dietary intake in developing countries is usually assumed to be homogeneous, and it has been thought that a limited number of measurements-often only onecould suffice to estimate typical individual intake over a period of time. We found that within-person variability of total energy and protein intake over one year is at least as large as that reported for industrialized countries [4;13-17; 31] . Energy-adjusted CV w and variance ratios for proteins of cereal origin are smaller than those for total protein or for proteins of non-cereal origin. Proteins of noncereal origin have high ratios and variability in diet within individuals comparable to those reported by other authors for micronutrients and vitamins. All these findings are consistent with a diet with rice as a staple food irregularly supplemented with other food items.
Low CV b also reflects a diet that does not differ much between individuals except for non-cereal proteins, which show large between-person variation. Table 4 shows the number of measurements that would be necessary to estimate total energy-adjusted individual intake with 20% accuracy 95% of the time. Estimation of true individual intake of proteins of cereal origin may require only a few spaced measurements, about four. Estimation of total energy intake and total protein will require about seven measurements. Estimation of proteins of non-cereal origin with the same degree of accuracy will require about sixty 24-hour measurements. Thus, epidemiologic studies trying to estimate individual dietary intakes using 24-hour recall methods will have limitations. It could be expected that more measurements will be necessary to estimate true intake of micronutrients.
Although there is a seasonal trend in nutrient intake, accounting for it adds virtually nothing to the estimation of ratios of to There are two possible explanations for this. Large within-person variations may have obscured estimates of seasonal changes determined by one single measurement. Alternatively, seasonal changes may be very small in comparison to and . The factors that determine within-person variability of diet are not well understood. Seasonality, day of the week, and random variation have been suggested. A dayof-the-week effect was not found in other parts of South Asia [32] . Although it was shown in Canadian women for some nutrients, it disappeared for most of them once nutrients were adjusted for caloric Formula used: n = (Z 2 * ) / (Do 2 * X 2 ), where Z= the normal deviate for the percentage of time the measured value should be within the specified limit, = within-person variation, X w = mean age-and sex-specific nutrient intake, Do = the percentage of long-term true intake within which it is desired that the measured value should fall. Derived from: X ± Z /2 Adjustment for total energy intake was made using the residuals of the regression of protein intake by total energy intake on the same visit day as the end points.
Measurement errors could be responsible for some of the large ratios found. All methods to record diet have some error [34; 35] , which cannot be completely removed. A parallel estimation of diet using a different method is not available, but a pilot study conducted before the beginning of the follow-up study found a high concordance between the results using traditional weighing methods and the mixed volumetric and weighing methods used in this study. Measurement error could also have differentially affected nutrients that may be easier to record or bias the recording of food consumption outside the household. The effect of error in this study could have been to overestimate the ratio by increasing the fraction of variation attributed to withinperson variability.
The present study addresses the issue of within-person variability during a one-year period for total energy and protein intakes. Nevertheless, since intra-class correlation coefficients were similar for two consecutive months and longer, within-person variability will be similar for periods shorter than a year. This conclusion is potentially important since epidemiologic studies in developing countries are often concerned with average dietary intake over shorter periods than a year.
Finally, this study found that, as in industrialized countries, a single day of dietary assessment cannot adequately characterize the diet of persons in rural Bangladesh,
